BACKGROUND: Millets are a group of variable small seeded grass, widely grown around the world as cereals crop. The finger millet had more moisture and calcium content. Whereas, fat content was least when compared to three other different millets. Foxtail millets had more protein content, pearl millets had more zinc and proso millets had more carbohydrate and fat content. AIM: To determine the proximate constituent and micronutrient content of finger millet, foxtail millet, pearl millet and proso millet. OBJECTIVES: To analyse the moisture, carbohydrate, fat, and protein content of finger millet, foxtail millet, pearl millet, proso millet by standard methods of AOAC. To analyse the calcium and zinc content of finger millet, foxtail millet, pearl millet, proso millet by atomic absorption spectrophotometer. MATERIALS AND METHODS: Proximate analysis of samples (moisture content, carbohydrate, protein, fat, calcium and zinc) was performed by standard methods of Association of Official Analytical Chemist (AOAC).
Introduction
M illets are a group of variable small-seeded grass, widely grown around the world as cereals crop. [1] It is the major food source and has short growing season and grows under dry, high-temperature condition with less water requirement in tropical regions. [2] Millets have resistance to pests and disease, compared to major cereals. [3] The fast maturation and all-season growth characteristics make millets a desirable crop for more intensive cropping system. [4] Millets are useful for people suffering from gluten allergy and celiac disease. They are nonacid forming and nonallergenic and hence, easy to digest. [2] They are the principal source of energy, protein, vitamins, and minerals such as calcium, iron, magnesium, and zinc. [1, 4] In 2002, the world production of millets was 23.3 million metric tons from an area of 33.3 million hectares. According to the Food and Agriculture Organization statistics (2009), the world production of millets increased to 26.7 million metric tons from an area of 33.6 million hectares. Africa was the largest Raw millets were obtained from the local market. Millets were processed by grinding in a mixer using a 1-mm mesh. The proximate analysis of each flour was done by standard procedure by the Association of Official Analytical Chemist (AOAC).
Moisture content
Moisture content was determined by the oven dry method (AOAC, 1995). [7] Weighed 100 g of each sample was placed into a muffle furnace maintained at 105°C. The results were obtained for each sample and reported to two decimal points according to the following formula:−
where S1 is the weight of the sample before drying and S2 is the weight of the sample after drying.
Carbohydrate content
The carbohydrate content was determined according to the anthrone method. [8] 100 mg of the sample was analyzed and hydrolyzed by keeping it in a boiling water bath for 3 h with 5 ml of 2.5 N HCL and cooled to room temperature. The volume was made to 100 ml with distilled water and centrifuged. Working standards were prepared, and the volume was to made to 1 ml in all the tubes including the sample tube by adding distilled water. Then, 4 ml of anthrone reagent was added and heated for 8 min in a boiling water bath. The rapidly cooled absorbance was measured at 630 nm.
Calculation
The amount of carbohydrate present in 100 mg of the sample was calculated by the following formula:
= mg of glucose Volume of test sample ×100
Protein content
The protein content was determined according to the Kjeldal method [9] using a catalyst mixture (copper sulfate-potassium sulfate). 100 mg of the sample powder was taken. Then, 3-4 g of catalyst mixture (5:1 [potassium sulfate:copper sulfate]) was added to 10 ml of concentrated H 2 SO 4 , and the sample was loaded in the digestion unit. The temperature was gradually increased to 420°C. The sample was digested for 1-1½ h and cooled. Boric acid and KMNO 4 were loaded to the PELICAN EQUIPMENTS. Ponniamman Nagar, Chennai, India. A sample tube was loaded on the sample side. It was processed for 9 min. The resulting solution was titrated with 0.1 N HCL. % nitrogen was calculated by the following equation:
where 14.01 is the molecular weight of ammonia, 0.1 N is the titration solution normality, TV is the titer value, BV is the blank value, and W is the sample weight.
Fat content
Soxhlet extraction method was used to determine the fat content (AOAC). [10] The sample (100 mg) was weighed and transferred to a thimble. Solvents (petroleum ether) were poured into the beaker. The sample was boiled for 60 min at 65°C-70°C and cooled to room temperature in a desiccator. The fat content was calculated by the following formula:
where W2 is the weight of the flask and ether extract, W1 is the weight of the empty flask, and W3 is the initial weight of the sample.
Mineral analysis
Calcium and zinc were analyzed by atomic absorption spectrophotometry (AOAC 2007). [11] 100 ml of acid mixture (60% perchloric acid + concentrated sulfuric acid) was prepared. 10 ml of the acid mixture was taken and added to 100 mg of the sample. The solution will turn into digested solution. Now, 50 ml of the digested solution was taken and 50 ml of distilled water was added to make up the volume to 100 ml, which was used for the analysis.
Results
The distribution of mean, median, and standard deviation values for moisture, carbohydrate, fat, and protein contents of four different varieties of millets (g/100 g) and minerals (mg/100 g) is summarized in Table 1 .
The moisture content of the four types of millets in the study ranged from 7.25 ± 0.37 to 12.86 ± 0.95% [ Table 1 ], with a mean value of 9.71%. The carbohydrate content of the four types of millets was analyzed, which ranged from 66.59 ± 2.8 to 75.06 ± 7.3 g/100 g [ Table 1 ], with a mean value of 71.21 g/100 g. The protein content of the four types of millets ranged from 7.32 ± 0.45 to 12.94 ± 0.87 g/100 g [ Table 1 ], with a mean value of 10.65 g/100 g. The fat content of the four types of millets was analyzed, which ranged from 1.58 ± 0.36 to 12.80 ± 0.30 g/100 g [ Table 1 ], with a mean value of 5.66 g/100 g. The calcium content of the four types of millets was analyzed, which ranged from 14.98 ± 1.5 to 344.45 ± 2.62 mg/100 g [ Table 1 ], with a mean value of 110.6 mg/100 g. The zinc content of the four types of millets was analyzed, which ranged from 3.29 ± 0.47 to 3.13 ± 0.47 mg/100 g [ Table 1 ], with a mean value of 2.89 mg/100 g. Finger millets had more moisture and calcium content compared to the other three different millets; foxtail millets had more protein content; pearl millets had more zinc content; and proso millets had more fat and carbohydrate content.
Discussion
Moisture is an important parameter for the storage of millets. Low levels are more favourable and render relatively longer shelf life. Among the four types of millets, finger millet (12.86 ± 0.95) had the highest moisture content followed by foxtail millets (9.59 ± 0.61) and pearl millets (9.17 ± 0.22). Proso millet (7.25 ± 0.37) had the least moisture content among the four types of millets under study. The findings obtained in the present study agree well with the values reported by the Nutritional Values of Indian Foods [12] where in moisture content of finger millet (13.1g/100g) and Indian food composition table [13] (10.89g/100g). A study conducted in a North Indian state [14] showed the moisture content of finger millets (13.1 g/100 g), pearl millets (12.4 g/100g), foxtail millets (11.2 g/100g), and proso millet (11.9 g/100g). Furthermore, a study conducted in a South Indian state [15, 16] reported the moisture content of finger millet to be 13. [17] showed the carbohydrate content of finger millet to be 72.6 g/100 g. Furthermore, a study conducted in a South Indian state [15, 16] reported the carbohydrate content of finger millet to be 72 g/100 g. Among the four types of millets, foxtail millet (12.94 ± 0.87) had the highest protein content, followed by proso millets (11.94 ± 0.83), pearl millets (10.43 ± 0.42), and finger millets (7.32 ± 0.45). The values obtained in the present study were comparable with that of the study conducted in a North Indian state [18] which reported the protein content of pearl millets to be 14.5 g/100 g, foxtail millets to be 11.7 g/100 g, proso millets to be 11.0 g/100 g, and finger millets to be 7.3 g/100 g. A study conducted in a South Indian state [19] showed in similar results in finger millet. No work has been conducted on the other millets. Among the four types of millets, proso millets (12.80 ± 0.30) had the highest fat content, followed by pearl millets (4.7 ± 0.49), foxtail millets (3.56 ± 0.44), and finger millets (1.58 ± 0.36). A study conducted in a North Indian state [20, 21] reported highest in pearl millet (4.8 g/100 g), foxtail millet (4.0 g/100 g), proso millet 3.5 g/100 g) and finger millet (1.5 g/100 g). However, another study conducted in a North Indian state [22] showed higher fat content (8.4 mg/100 g) in pearl millets.
Finger millets (344.45 ± 2.62) had the highest calcium content, followed by pearl millets (47.34 ± 2.84) and foxtail millets (35.63 ± 3.14). Proso millets (14.98 ± 1.5) had the least calcium content among all the millets under study. The finding of the present study agrees with values reported in a similar study conducted in a North Indian state [18] which showed highest calcium content in finger millet was (344 mg/100 g), followed by pearl millet (42 mg/100 g), foxtail millet (31 mg/100 g) and proso millet (8 mg/100 g). Furthermore, another study conducted in a North Indian state [23] showed higher calcium content in pearl millets (37 mg/100 g) and finger millets (357 mg/100 g). Another study done in a South Indian state [24] showed that foxtail millet calcium content comparable to our results. Among all the types of millets, pearl millets (3.29 ± 0.47) had the highest zinc content, followed by finger millets (3.13 ± 0.67), foxtail millets (2.92 ± 0.13), and proso millets (2.22 ± 0.21). The study conducted in South Czech Repulic state [25] showed that zinc content was highest in proso millet (3.7 mg/100 g) followed by finger millet (3.0 mg/100 g) and pearl millet (2.6 mg/100 g). Foxtail millet (2.4 mg/100 g) had the least content. Other studies conducted in western states of India [26] showed that pearl millet zinc content was comparable to our study results. However, lower zinc content (2.4 mg/100 g) in foxtail millets has been reported in South Indian states. [25] 
Conclusion
Millets are the general category of several species of small-grained cereal crops which are used as staple food in many parts of India, Africa, and China.
Finger millets had the highest moisture and calcium content, whereas its fat content was least when compared to the other three types of millets. Foxtail millets had more protein content, pearl millets had more zinc content, and proso millets had more carbohydrate and fat content.
According to the present study, finger millets were better when compared to other millets with respect to nutritional composition. Hence, the study results can be useful for informing the people to select different types of millets depending on the nutritional needs.
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